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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  method  and 
an  apparatus  for  forming  a  monomolecular  film  or  a 
built-up  monomolecular  film.  Specifically,  the 
present  invention  relates  to  a  method  of  forming  a 
monomolecular  film  or  a  built-up  monomolecular 
film  which  includes  a  process  of  removing  a  re- 
maining  portion  of  a  monomolecular  film  on  a  water 
surface  after  that  portion  has  been  stored  in  a 
specific  region,  and  to  an  apparatus  for  carrying 
out  such  a  method. 

Related  Background  Art 

A  conventional  method  of  forming  a  Langmuir- 
Blodgett  (hereinafter  abbreviated  to  "LB")  film 
comprises  spreading  a  material  for  forming  a  mon- 
omolecular  film  onto  a  water  surface,  two-dimen- 
sionally  compressing  the  material  on  the  water 
surface,  thereby  preparing  a  monomolecular  film 
on  the  water  surface,  and  transferring  the  mon- 
omolecular  film  onto  a  solid  substrate  (by  dipping 
the  substrate  through  the  monomolecular  film  cov- 
ered  surface).  Since  a  water  tank,  a  constituent  of 
the  apparatus  being  used  in  the  LB  film  formation, 
is  of  a  certain  limited  size,  a  monomolecular  film 
which  can  be  prepared  on  the  surface  of  the  water 
contained  in  the  water  tank  has  a  correspondingly 
limited  area.  This  means  that,  as  the  depositing 
process  is  repeated,  and  portions  of  the  mon- 
omolecular  film  are  deposited  one  after  another 
onto  the  solid  substrate,  the  area  available  for  the 
part  of  the  film  remaining  on  the  water  surface 
decreases  until  the  area  is  too  small  for  the  remain- 
ing  portion  of  the  film  to  be  deposited.  Therefore, 
in  order  for  any  further  deposition  to  be  carried  out, 
the  remainder  of  the  monomolecular  film  remaining 
on  the  water  surface  has  to  be  removed,  and  a  new 
monomolecular  film  has  to  be  prepared  there. 
Thus,  the  conventional  LB  film  formation  employs 
non-continuous  processing  in  which  a  process  of 
forming  a  monomolecular  film  and  a  process  of 
removing  a  remainder  of  the  monomolecular  film 
are  alternately  performed.  In  order  to  overcome  this 
problem,  continuous  film  formation  methods  and 
apparatuses  for  carrying  out  such  methods  have 
been  recently  proposed  (for  example,  by  A.  Bar- 
raud  and  M.  Vandevyver,  in  "Thin  Solid  Films"  Vol. 
99,  page  221,  1983;  by  W.  Nitsch  and  C.  Kurthen, 
in  "Thin  Solid  Films"  Vol  178,  page  145,  1989;  and 
by  0.  Albrecht  et  al.  in  "Molecular  Electronics" 
edited.  by  F.  T.  Hong,  page  41,  Plenum  Press  NY, 
1989). 

However,  in  practice,  the  continuous  methods 
which  have  been  proposed  have  the  following  prob- 

lems: 
A  remainder  of  a  monomolecular  film  on  the 

water  surface  is  removed  with  an  aspirator.  When  a 
continuous  film  forming  method,  such  as  above,  is 

5  employed,  since  a  plurality  of  remainders  of  mon- 
omolecular  films  which  remain  undeposited  are 
continually  generated,  as  a  result  of  the  film  for- 
ming  process,  one  after  another  on  the  water  sur- 
face,  it  is  necessary  to  remove  the  remainders  with 

io  an  aspirator  in  a  successive  or  periodical  manner. 
Further,  since  removal  of  film  remainder(s)  causes 
a  part  of  the  water  contained  in  the  tank  to  be 
simultaneously  removed,  it  is  necessary  to  add 
fresh  water  to  the  remaining  water  in  the  tank  in 

75  order  to  maintain  the  water  level.  Since  the  portion 
of  the  water  which  has  been  removed  contains 
relatively  large  amounts  of  impurities,  it  cannot  be 
readily  used  again.  This  makes  it  necessary  to  use, 
at  a  great  expense,  a  large  amount  of  water  to 

20  properly  fill  the  water  tank.  When  the  water  tank 
must  also  contain  metal  ions,  etc.,  an  additional 
expense  is  incurred.  The  additional  substance, 
such  as  metal  ions,  may  be  harmful,  and  the  drain- 
age  resulting  from  the  removal  of  parts  of  water 

25  has  to  be  processed,  thereby  resulting  in  further 
expense.  This  expense  increases  proportionally 
with  the  increase  in  the  amount  of  water  removed. 
Another  problem  arising  from  the  removal  of  film 
remainder(s)  is  that  such  a  removal  causes  an 

30  additional  flow  of  water  in  the  water  tank,  and  this 
flow  of  water  may  adversely  influence  the  deposi- 
tion  of  a  monomolecular  film  on  the  water  surface 
onto  the  substrate. 

35  SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
a  method  of  and  an  apparatus  for  forming  a  mon- 
omolecular  film  that  is  capable  of  independently 

40  controlling  the  process  of  forming  a  monomolecular 
film  and  the  process  of  removing  a  remaining  por- 
tion  of  a  monomolecular  film  which  has  not  been 
used  in  the  monomolecular  film  deposition. 

Another  object  of  the  present  invention  is  to 
45  provide  a  method  of  and  an  apparatus  for  forming 

a  monomolecular  film  which,  during  the  formation 
of  a  monomolecular  film,  is  capable  of  efficiently 
removing  a  remaining  portion  of  the  mon- 
omolecular  film  on  the  water  surface,  but  not  de- 

50  posited  on  a  substrate,  with  a  minimum  waste  of 
the  water  contained  in  the  water  tank. 

According  to  an  aspect  of  the  present  inven- 
tion,  there  is  a  method  of  forming  a  monomolecular 
film  or  a  built-up  monomolecular  film,  which  meth- 

55  od  involves  the  steps  of  spreading  a  material  for 
forming  a  monomolecular  film  onto  the  surface  of 
water,  compressing  the  material  on  the  water  sur- 
face  thereby  transforming  the  material  into  a  mon- 
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omolecular  film,  and  transferring  the  mon- 
omolecular  film  on  the  water  surface  onto  a  sub- 
strate.  The  method  comprises  the  steps  of:  dis- 
posing  a  first  region,  having  a  first  water  level,  for 
storing  a  portion  of  the  monomolecular  film  which 
has  not  been  transferred  to  the  substrate,  at  a 
sufficient  distance  from  a  second  region  to  prevent 
contact  with  the  second  region,  where  the 
monomolecular-film-forming  material  is  spread  onto 
the  water  surface;  arranging  the  second  region  to 
be  so  located  with  respect  to  a  third  region,  the 
third  region  having  a  second  water  level,  wherein 
the  monomolecular  film  is  transported  from  the 
second  region  to  the  third  region;  transferring  the 
monomolecular  film  in  the  third  region  to  the  sub- 
strate;  and  storing  the  portion  of  the  mon- 
omolecular  film  not  transferred  to  the  substrate  in 
the  first  region,  the  first  water  level  being  lower 
than  the  second  water  level  of  the  third  region. 

According  to  another  aspect  of  the  present 
invention,  there  is  an  apparatus  for  forming  a  mon- 
omolecular  film  or  a  built-up  monomolecular  film, 
the  apparatus  having  a  water  tank,  means  for 
spreading  a  material  for  forming  a  monomolecular 
film  onto  the  surface  of  water,  means  for  com- 
pressing  the  material  on  the  water  surface  thereby 
transforming  the  material  into  a  monomolecular 
film,  and  means  for  transferring  the  monomolecular 
film  on  the  water  surface  onto  a  substrate.  The 
apparatus  comprises:  a  first  region  for  storing  a 
portion  of  the  monomolecular  film  not  deposited  on 
the  substrate  and  a  second  region  for  preparing  the 
monomolecular  film,  the  first  region  being  disposed 
at  a  sufficient  distance  from  the  second  region  so 
as  to  prevent  contact  with  the  second  region.  The 
second  region  is  arranged  with  respect  to  a  third 
region  for  transmitting  the  monomolecular  film  to 
the  third  region  and  transferring  part  of  the  mon- 
omolecular  film  onto  the  substrate,  the  first  region 
having  a  water  level  lower  than  the  water  level  of 
the  third  region. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  showing  the  construc- 
tion  of  a  monomolecular  film  forming  apparatus 
which  may  be  used  to  carry  out  a  mon- 
omolecular  film  forming  method  according  to  the 
present  invention; 
Fig.  2  is  a  plan  view  showing  an  example  of  the 
planar  configuration  of  the  monomolecular  film 
forming  apparatus  shown  in  Fig.  1; 
Fig.  3  is  a  plan  view  showing  another  example 
of  the  planar  configuration  of  the  monomolecular 
film  forming  apparatus  shown  in  Fig.  1; 
Fig.  4  schematically  shows  a  stage  of  an  exam- 
ple  of  a  process  of  removing  a  collapsed  film 
part  from  the  surface  of  water,  the  process  em- 

ploying  a  plate  member; 
Fig.  5  schematically  shows  another  stage  of  the 
process  shown  in  Fig.  4; 
Fig.  6  schematically  shows  still  another  stage  of 

5  the  process  shown  in  Fig.  4; 
Fig.  7  schematically  shows  a  further  stage  of  the 
process  shown  in  Fig.  4;  and 
Figs.  8A  and  8B  are  sectional  views  showing  the 
construction  of  another  monomolecular  film  for- 

io  ming  apparatus  according  to  the  present  inven- 
tion  including  a  mechanism  for  controlling  the 
film  transport  from  the  dipping  area  to  the  col- 
lapse  area. 

75  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

According  to  the  present  invention,  a  method  of 
forming  a  monomolecular  film  includes  the  follow- 

20  ing  process:  during  the  process  of  forming  a  mon- 
omolecular  film,  a  part  of  the  monomolecular  film 
which  remains  on  the  water  surface  within  the 
water  tank  is  stored  in  a  specific  region  of  the 
water  surface  and,  thereafter,  periodically  removed 

25  by  suction. 
Fig.  1  shows,  in  a  sectional  view,  an  example 

of  the  construction  of  a  monomolecular  film  forming 
apparatus  which  may  be  used  in  the  present  inven- 
tion.  The  apparatus  has  a  water  tank  2  containing  a 

30  certain  amount  of  water.  A  portion  of  the  surface  of 
the  water  within  the  tank  2  defines  a  region  12, 
upon  which  a  material  for  forming  a  monomolecular 
film  1  is  spread  from  a  film-forming  spreader  13. 
Another  portion  of  the  surface  of  the  water  defines 

35  a  transfer  region  3  for  transferring  part  of  the  mon- 
omolecular  film  1  on  the  water  surface  onto  a 
substrate  (not  shown).  A  storage  region  6  for  stor- 
ing  remainders  of  the  monomolecular  film  1  re- 
maining  on  the  water  surface  is  connected  with  the 

40  transfer  region  3  via  a  flow  rate  control  region  4  for 
mechanically  controlling  the  flow  rate  of  the  flow  of 
the  monomolecular  film  1  over  the  water  surface 
and  an  inclined  region  5  continuing  from  the  control 
region  4.  When  part  of  the  monomolecular  film  1  is 

45  deposited  onto  the  substrate  in  the  transfer  region 
3,  remainders  of  the  film  1  remaining  on  the  water 
surface  are  moved  over  the  water  surface  by  utiliz- 
ing  either  a  flow  of  water  caused  on  the  water 
surface  or  a  flow  of  air  caused  in  air  above  the 

50  water  surface,  thereby  sending  the  monomolecular 
film  remainders  to  the  flow  rate  control  region  4.  In 
this  region  4,  the  flow  rate  of  the  monomolecular 
film  remainders  being  sent  to  the  storage  region  6 
is  adjusted. 

55  The  water  tank  2  shown  in  Fig.  1  has  a  main 
section  8  corresponding  to  the  transfer  region  3, 
and  a  storage  section  9  corresponding  to  the  stor- 
age  region  6.  A  part  of  the  water  which  has  flowed 

3 
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into  the  storage  section  9  is  returned  to  the  main 
section  8  through  a  return  passage  extending 
through  a  pump  10  and  a  filter  11.  A  heat  ex- 
changer  (not  shown)  or  the  like  may  be  disposed  in 
the  return  passage  so  as  to  control  the  temperature 
of  the  water  within  the  water  tank  2.  Since  a  part  of 
the  water  within  the  tank  2  is  inevitably  removed 
when  collapsed  film  remainders  7,  described  later, 
are  removed,  the  water  within  the  tank  2  has  to  be 
supplemented  as  required  whenever  such  is  neces- 
sary. 

Fig.  2  shows,  in  a  plan  view,  an  example  of  the 
planar  configuration  of  the  monomolecular  film  for- 
ming  apparatus.  In  the  example  shown  in  Fig.  2, 
the  width  of  the  flow  rate  control  region  4  gradually 
narrows  as  the  distance  from  the  transfer  region  3 
increases.  However,  this  width  need  not  be  nar- 
rowed.  It  is  very  convenient  if  the  flow  rate  of  the 
monomolecular  film  remainders  being  sent  to  the 
storage  region  6  can  be  varied  whenever  neces- 
sary  in  accordance  with  the  type  of  the  material 
used  to  form  the  monomolecular  film  and/or  the 
conditions  of  the  monomolecular  film  formation.  For 
this  reason,  it  is  preferable  that  that  portion  of  the 
wall  12  of  the  water  tank  2  corresponding  to  the 
flow  rate  control  region  4  be  movable  such  that  the 
width  of  the  flow  rate  control  region  4  can  be  freely 
varied.  Further,  as  shown  in  Fig.  3,  the  inclined 
region  5  may  have  a  width  which  is  not  constant 
but  gradually  narrows  with  increases  in  the  dis- 
tance  from  the  previous  region.  Alternatively,  as 
shown  in  Fig.  1,  the  depth  of  the  water  tank  2  may 
be  suitably  varied  between  a  plurality  of  sections  of 
the  tank  2  in  order  to  adjust  the  flow  rate  of  the 
flow  of  the  molecular  film  remainders. 

The  flow  of  water  within  the  inclined  region  5  is 
accelerated  in  the  above-described  manner.  The 
force  of  the  accelerated  flow  of  water  causes  the 
monomolecular  film  remainders  which  have  been 
sent  to  the  inclined  region  5  to  collapse  (thus,  when 
the  remainders  of  the  monomolecular  film  reach 
the  storage  region  6,  they  include  pieces  of  the  film 
in  which  the  monomolecular  state  of  the  film  is 
collapsed).  The  collapse  of  the  monomolecular  film 
remainders  results  in  the  area  (a  part  of  the  water 
surface)  occupied  by  the  collapsed  film  remainders 
7  being  greatly  reduced.  The  flow  rate  of  the  flow 
of  water  is  preferably  adjusted  to  a  range  from  5  to 
10  cm/sec.  Although  in  Figs.  2  and  3,  the  inclined 
region  5  has  a  narrower  width  than  the  transfer 
region  3,  the  region  5  may  have  the  same  width  as 
the  region  3. 

Thus,  a  monomolecular  film  forming  apparatus 
has  a  transfer  region  5  and  a  storage  region  6.  It  is 
important  that  the  storage  region  (first  region)  be 
located  at  a  sufficient  distance  from  the  region 
where  a  material  for  forming  the  monomolecular 
film  is  spread  onto  the  water  surface  (second  re- 

gion)  to  prevent  contact  with  the  second  region;  the 
second  region  be  located  with  respect  to  the  region 
where  part  of  the  monomolecular  film  is  transferred 
to  a  substrate  (third  region)  so  that  the  mon- 

5  omolecular  film  is  transmitted  to  the  third  region; 
and  the  water  level  of  the  storage  (first)  region  is 
lower  than  the  water  level  of  the  transfer  (third) 
region.  These  features  are  also  incorporated  in  the 
apparatus  shown  in  Figs.  8A  and  8B,  which  is  thus 

io  another  embodiment  of  the  monomolecular  film 
forming  apparatus  according  to  the  present  inven- 
tion.  In  Fig.  8A,  the  apparatus  includes  a  film 
material  supplier  802,  and  a  transfer  region  3  with 
respect  to  which  a  substrate  801  is  vertically 

is  moved. 
Collapsed  film  remainders  7  are  generated  as 

described  above,  and  stored  in  the  storage  region 
6.  Since  the  storage  region  6  has  a  water  level 
lower  than  that  of  the  transfer  region  3,  the  col- 

20  lapsed  film  remainders  7  are  prevented  from  diffus- 
ing  backward  toward  the  transfer  region  3.  A  pad- 
dle  wheel  mechanism  803  controls  the  film  trans- 
port  from  the  inclined  area  to  the  collapse  area. 
The  collapsed  film  remainders  7  stored  in  the  re- 

25  gion  6  are  removed  from  the  water  surface  by 
sucking  them  with  an  aspirator  402  or  the  like. 
Alternatively,  as  shown  in  Figs.  4  to  7,  the  col- 
lapsed  film  remainders  are  removed  with  an  aspira- 
tor  402  or  the  like  after  the  remainders  7  have  been 

30  mechanically  compacted  with  a  plate  member  401  . 
Such  compacting  may  be  repeated  as  necessary 
during  film  formation.  The  difference  in  water  level 
provided  in  the  present  invention  as  between  the 
storage  region  and  the  transfer  region  makes  it 

35  possible  to  control  the  removal  of  the  collapsed 
film  remainders  7  independently  of  the  process  of 
forming  the  monomolecular  film  1.  Figure  8B,  alter- 
natively,  includes  a  plurality  of  barriers  804  for 
controlling  the  film  transport  from  the  inclined  area 

40  to  the  collapse  area. 
The  present  invention  will  now  be  described  by 

examples. 

(Example  1) 
45 

LB  film  formation  was  performed  employing  an 
LB  film  forming  apparatus  of  the  type  shown  in 
Figs.  1  and  2.  The  main  section  8  of  the  water  tank 
2  of  the  apparatus  had  an  area  of  150  cm  x  80  cm. 

50  Pure  water  at  20  °  C  was  contained  in  the  water 
tank  2,  and  22-tricosenoic  acid  (hereinafter  abbre- 
viated  to  "22-TCA")  was  used  as  the  film  material. 
After  the  flow  rate  of  a  flow  of  water  on  the  water 
surface  was  adjusted  to  7  cm/sec,  a  certain 

55  amount  of  22-TCA  dissolved  in  a  certain  amount  of 
chloroform  at  a  concentration  of  5  x  10  _+  M  was 
spread  onto  the  water  surface.  Subsequently,  the 
surface  pressure  was  increased  to  30  mN/m,  there- 

4 
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by  obtaining  a  22-TCA  monomolecular  film  1  on 
the  water  surface.  Thereafter,  parts  of  the  22-TCA 
monomolecular  film  were  successively  deposited 
onto  a  silicon  (Si)  substrate  (with  a  3-inch  diameter) 
which  had  a  surface  previously  subjected  to  a 
hydrophobic  property  treatment  using  hexamethyl- 
disilazane,  and  which  was  vertically  moved  at  a 
speed  of  10  mm/sec.  In  this  deposition  process, 
the  period  of  time  for  which  the  monomolecular 
film  1  on  the  water  surface  stayed  within  the  trans- 
fer  region  3  (i.e.,  the  period  of  time  until  the  mon- 
omolecular  film  1  on  the  water  surface  having  the 
increased  surface  pressure  applied  was  deposited 
onto  the  substrate)  was  5  min.  A  remainder  of  the 
monomolecular  film  1  remaining  on  the  water  sur- 
face  was  passed  through  the  flow  rate  control  re- 
gion  4,  and  was  collapsed  in  the  inclined  region  5. 
The  difference  (the  dimension  h  shown  in  Fig.  1) 
between  the  respective  water  levels  of  the  transfer 
region  3  and  the  storage  region  6  was  adjusted  to 
10  mm.  Collapsed  remainders  7  of  the  mon- 
omolecular  film  1  were  collected  into  the  storage 
region  6,  and  no  part  of  such  remainders  were 
removed  while  the  film  formation  proceeded  to  a 
certain  point  (until  the  monomolecular  film  1  was 
formed  into  200  layers)  .  During  this  time,  no  part 
of  the  stored  film  remainders  diffused  backward 
toward  the  transfer  region  3.  After  the  film  1  was 
formed  into  the  above-stated  number  of  layers,  the 
collapsed  film  remainders  which  had  collected  in 
the  storage  region  6  were  removed  by  aspirating 
them  with  an  aspirator  402.  A  part  of  the  water 
within  the  water  tank  2  was  simultaneously  re- 
moved,  the  amount  of  which  was  not  more  than 
100  ml. 

(Comparison  Example  1) 

A  22-TCA  film  was  formed  in  exactly  the  same 
manner  as  that  in  Example  1  except  that  the  water 
levels  in  the  main  and  the  storage  sections  8  and  9 
of  the  tank  2  were  exactly  the  same  (i.e.,  h  =  0). 
Remainders  of  the  monomolecular  film  were  re- 
moved  by  aspirating  them  with  an  aspirator.  After 
the  film  was  formed  into  200  layers,  the  amount  of 
the  water  which  was  suction-removed  together  with 
the  film  remainders  totaled  5  liters. 

(Example  2) 

LB  film  formation  was  performed  in  exactly  the 
same  manner  as  that  in  Example  1  except  that  the 
collapsed  film  remainders  7  which  had  been  col- 
lected  in  the  storage  region  6  were  removed  by  a 
process  employing  a  plate  member  401  ,  as  shown 
in  Figs.  4  to  7.  Specifically,  the  plate  member  401 
was  oriented  toward  the  collapsed  film  remainders 
7  in  the  storage  region  6  (Fig.  4),  and  lowered  onto 

the  water  surface  (Fig.  5).  The  water  surface  within 
the  region  6  was  skimmed  with  the  plate  member 
401  moving  parallel  with  the  water  surface  (Fig.  6), 
thereby  mechanically  compacting  the  collapsed 

5  film  remainders  7.  Thereafter,  an  aspirator  402  was 
used  to  remove  the  the  collapsed  film  remainders  7 
from  the  water  surface  (Fig.  7).  The  amount  of  that 
part  of  the  water  within  the  water  tank  2  which  was 
simultaneously  removed  at  this  time  was  not  more 

w  than  200  ml. 
As  has  been  described  above,  the  present  in- 

vention  has  the  following  advantages: 
(1)  Since  it  is  possible  to  independently  control 
the  process  of  forming  a  monomolecular  film 

is  and  the  process  of  removing  a  remainder  part  of 
the  monomolecular  film,  the  film  forming  opera- 
tion  can  be  continuously  performed  indepen- 
dently  of  the  removal  of  the  remainder  part; 
(2)  Since  it  is  possible  to  render  the  amount  of 

20  water  removed  together  with  the  unnecessary 
part  of  the  film  material  very  small,  the  ex- 
penses  for  the  film  formation  can  be  reduced  to 
a  great  extent; 
(3)  Since  it  is  possible  to  reduce  the  number  of 

25  times  unnecessary  portions  of  the  film  material 
have  to  be  removed,  the  expense  for  the  film 
formation  can  be  accordingly  reduced.  Further- 
more,  such  removal  has  less  influence  on  the 
quality  of  the  monomolecular  film  on  the  water 

30  surface  which  is  being  used  in  the  film  forma- 
tion;  and 
(4)  Since  the  unnecessary  part  of  the  film  ma- 
terial  is  stored  in  a  specific  region  of  the  water 
surface  which  is  remote  from  the  transfer  region, 

35  there  is  no  risk  of  the  unnecessary  part  of  the 
film  material  diffusing  backward  toward  the 
transfer  region.  This  facilitates  the  formation  of  a 
high-quality  monomolecular  film. 
While  the  present  invention  has  been  de- 

40  scribed  with  respect  to  what  is  presently  consid- 
ered  to  be  the  preferred  embodiments,  it  is  to  be 
understood  that  the  invention  is  not  limited  to  the 
disclosed  embodiments.  The  present  invention  is 
intended  to  cover  the  various  modifications  and 

45  equivalent  arrangements  included  within  the  spirit 
and  scope  of  the  appended  claims. 

Claims 

50  1.  A  method  of  forming  a  monomolecular  film  or 
a  built-up  monomolecular  film,  said  method 
including  the  steps  of  spreading  a 
monomolecular-film-forming  material  onto  a 
water  surface,  compressing  said  material  on 

55  said  water  surface  thereby  transforming  said 
material  into  a  monomolecular  film,  and  trans- 
ferring  said  monomolecular  film  on  said  water 
surface  onto  a  substrate,  wherein  the  improve- 

5 
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ment  of  said  method  comprises  the  steps  of: 
disposing  a  first  region,  having  a  first  water 

level,  for  storing  a  portion  of  said  mon- 
omolecular  film  which  has  not  been  transferred 
to  said  substrate,  at  a  sufficient  distance  from  5 
a  second  region  to  prevent  contact  with  said 
second  region,  where  said  monomolecular- 
film-fomring  material  is  spread  onto  said  water 
surface; 

arranging  said  second  region  to  be  so  10 
located  with  respect  to  a  third  region,  said  third 
region  having  a  second  water  level,  wherein 
said  monomolecular  film  is  transported  from 
said  second  region  to  said  third  region; 

transferring  said  monomolecular  film  in  is 
said  third  region  to  said  substrate;  and 

storing  said  portion  of  said  monomolecular 
film  not  transferred  to  said  substrate  in  said 
first  region,  said  first  water  level  being  lower 
than  said  second  water  level  of  said  third  re-  20 
gion. 

2.  A  method  according  to  claim  1,  further  com- 
prising  removing  said  portion  of  said  mon- 
omolecular  film  in  said  first  region.  25 

3.  A  method  according  to  claim  1,  further  com- 
prising  causing  a  flow  of  water  on  said  water 
surface  from  said  second  region  to  said  third 
region.  30 

4.  An  apparatus  for  forming  a  monomolecular  film 
or  a  built-up  monomolecular  film,  said  appara- 
tus  including  a  water  tank,  means  for  spread- 
ing  a  material  for  forming  a  monomolecular  35 
film  onto  a  water  surface,  means  for  compress- 
ing  said  material  on  said  water  surface  thereby 
transforming  said  material  into  a  mon- 
omolecular  film,  and  means  for  transferring 
said  monomolecular  film  on  said  water  surface  40 
onto  a  substrate,  wherein  the  improvement  of 
said  apparatus  comprises: 

a  first  region  for  storing  a  portion  of  said 
monomolecular  film  not  deposited  on  said  sub- 
strate  and  a  second  region  where  said  mon-  45 
omolecular  film  is  prepared,  said  first  region 
being  located  at  a  sufficient  distance  from  said 
second  region  so  as  to  prevent  contact  with 
said  second  region,  said  first  region  having  a 
first  water  level;  so 

a  third  region,  said  third  region  having  a 
second  water  level,  so  disposed  with  respect 
to  said  second  region  as  to  receive  said  mon- 
omolecular  film  and  transfer  said  mon- 
omolecular  film  to  said  substrate;  and  55 

wherein  said  first  water  level  of  said  first 
region  is  lower  than  said  second  water  level  of 
said  third  region. 

6 
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